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(57)Abstract 

PROBLEM TO BE SOLVED: To improve process efficiency of a 
reforming device for manufacturing hydrogen from carbonaceous raw 
material. 

SOLUTION: The reforming device (30) of the fuel cell system is 
provided with a steam supplier (50), in which, a source gas passage (54) 
and an exhaust gas passage (55) are formed separated by a steam 
transmission film (51). Source gas sent to a reformer (31) is guided to 
the source gas passage (54) and air electrode exhaust gas is guided to 
the exhaust gas passage (55). With the steam supplier (50), steam in air 
electrode exhaust gas penetrates the steam transmission film (51) and 
is fed to source gas in a state of steam. 
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(54) tut. mnm&g (23) 

xMAima <so> oswr-xaB 

(55) tt. SMflfmf (24) 0&4>KES$ft. ffi* 

mxxtm^ztib. *awm» <»> -ctt. #w 

*fflS§ (55) ^)2S«B«^(c***l4*aiMW». 

sutaait (5i) twkLxgmtfzam (54) ogmtf 

*fc{H&3*l*. 4fc. SAfiSmV (24) <0&S£tt. 

ttHfittsi* (25) Kt«i«iiTi^4. 

[0052] JJESffft (31 ) tt. *ig§v«&fl (50) 
co^^'xW (54) fcI»SttS*vO*4. 

(31) fctt. ftgftfttMl (50) a»4>IKfttf.*jWS»)& 
4*14. &®?s (31) tt. SMHKfcRJ6fc»LTiSti* 

Bfc£«*.Tn4. RH£ (31) Ttt. «*HRfcK£& 

mwt&th. sms on tt. fi»££T'i> 



4SftfKfcKJ&«>KJ&tt£. *a*®GT*4*3SSReMl 
»G0>RJ6J»kLT«B-*-*. 9tS8 (31) (I 
tt. *!55lKU6JS^R{e*k LT. «*J£?S (34) 

[0053] JJH&MS ( 32) tt. ttfJJS ( 31 ) fcffif 
«ttS*va*4. £«8 (32) fctt. KS*5 (31) «>4> 

(£8 (32) ^&9ii4ft4#*(ctt. (5 

0) TKfl>y^C^**ifc*IBW>HB*W»LTV» 
4. (32) tt. v7 HRJB (-»<t^*3?B!cS: 
J&) fc«tt«ra-r*tt««r«i'C^*. SEfiXS (32) X' 

ft* k (31B$(c^A { liSa-r4 . ^ 7 h»&0Rlt«tt. 

CO + HjO -> CO z + H 2 - is?YW.fo 
[0054] JJOBRDHkraGS (33) tt. KlSH (3 

2) kEWS«S*lTV^. ifc. (32) k3Sj« 

BMtRJES (33) S:0«r<i:*Ctt. Sftftlftff (20) 
(22) S^iMfc»&89 
(33) icii, ^fiJt^s (32) A>4>0*^ai/-KiL^*^ 

*tJ^Xkm2Wi (22) A^WSmk^'MOa^il 

1) . SJRSS<kR«HS (33) ti. COSHRKfcRJECiStt 
tfi'tilMltflii'Cv^. SStR^bRiCS (33) T 
tt. coaujiSftRiBtioT. ^t«co*>ii:ffl 
iS^ix4. *LT, SWtRCS (33) A^ajJt^ 

mm d2) 'K&t&ztLh. coMmftsu&>&uti& 
tt. ac^aoT**. 

co+i/2o 2 -co 2 - comtRmtR& 

[00551 JJgffi^S (34) tt. (25) 
«r^L"C«fi1KBs** (10) comtm (12) k»RSft 

x^ft. mats (34) tctt. isms (12) »t>m&zti 

tdffiKBMfXt. Tk^ttl&IS (50) "C*3«RS:*b 
ftfcSEJMSSMr* k 0a4fil> . «mffi*^C 

tt. jamvftMic do) t«ffi$ii**»->fc*3w^4 

ftT^*. -e^T. ffi&H (34) tt. ^R*«*4*i4t8 
®(>ix.fcmm$:&K& (31) 
^fttftt*. «SMfS (34) T£tfc«*»MfXli, 

[0056] 

[0057] tt®^S (30) fcfcivr . TicJKjKttf^S 
(50) «MK»3trxa» (54) (Ctt. finmfttMF (23) 
^jltTlSf4^* { j* , )a4itl». M^'XSSS (54) 

IMS (21) ^t><r>SSS.bi3 { istiiX^h. 

4. -eux. ^M^xkgmk tt. m(4«c«^iMiH*'x 

(0,/0 A«0«k0t^<0. 44JaTk*4«td 
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[00583 -^. (50) m/fxm 

(55) (Cli. SSvffiMft^ (24) i&lX£fS.mm/iz 

sthx^h. *Msums (50) x-ii. m/i*m& 

(55) <02g«fi»^t*in6*jRa**. *%Sffi& 

& (5D tm&ixmwxm (54) ^s^ctt 

4£ftft. (50) tt. m^no 

I. $■ nasia* tux-m i x ® h 

ftft® (S/C) if\. 1211tt^SJ:oi:. 3r£l 
<0*3&S\£ ft . 

[0059] HKWfc, (50) ?)*IiSuS 

(51) Ttt. JMxfflSS (55) fcffi-fftvSttH8 (5 
3) oaST'^m«*'X+»*^m* { «^L. ftffcO 
tfST'iSttR (53) <0rtgf5£te»LT£ftR (52) 

fm i . *<nmzm% Lxsmz^wswmx'tt 

*mSM&UR (51) SriS*rftlRfc:H 2 0*««3Wfrf 

ft. L0»L$r#4>, znnmmnukwis&m'zzft 

*mss.mm(5\) zm&-?itw^xi>£L5:z.% 
o^o. ^KAftMHS (50) (cfc^t. jwLtu* 

[0060] aass (3D ut. mm. rv* 

mSM:*ttimtfX#&*)jk*til. (31) T 

HHMajbWfelS-fft. (31) (32) 

Mi. *S£-i£<l^££tJ#*A^ftft. ±fc. 
3S£& (32) MSWlfttfXfcli, *g&§U££f8 (50) 
t «fc 0 ^SfttoWKSfo^fc LTV*ft . ( 32 ) 

[0061] S^cfs (32) *&Sfti£ftK£» (33) ^ 
i*£>ftft#.X(i, *^#±i£#fc&oT^fti<7)<7K * 

8& d2) ofiii^sk^i.. zzx\ mmnum® 

(33) Tti, C0«ffii^GfcJ:oT#*«f>o-IMfc 
^* 5 5Mj$$fi£. ^LT. 8ftlftfcKJ&!3 (33) 

* (10) Aifflfi (12) MS&SflS. 

[0062] «fflm?i!i*«= do) wi, mm (12) ^ 

»*;lx*HftteS*U (11) ^SESWfia&Sfi 

CH 4 + 20 2 - C0 2 +2H 
H 2 +l/20 2 - H 2 0(gas) 

[0067] <*nft^ffitftr&«&> amtfx 
£jmtt&tis?&*&mi8.<7>iSi£Lz-o^x. ww 
ft. 

[0068] *gtttitm 1 Til. K®8 (31 ) lean 

CH 4 + l/20 2 - CO + 2 



6. ttflftfi** (10) (i. 8 0 "CULL 1 0 0 -CUT*) 

(10) Tli. &f4& (12) at/SSlffi (11) 
i >T Tf W>€*R£-tf*T;bftft . 
Mfiffi: 2H 2 - 4H'+4e" 
2S\fiE: 0 2 + 4H' + 4e" - 2H 2 0 

zcomm.enzx"). &%ijuz%£i\h*n<nm$K 

&)ft&X. */Mf 0«**lX*/Hf fcjgft $ ft. ft . * fc . 

(io) *>f>«i, LT2ftffi#f 
^temffiSf^^aj^ftft. 

[0063] ttfWfe** ( 10) ( 11 ) frt>m 

ai$ftft2ft©JMfx«i. *«Ri6fc:tt;feftar0»ofc 
*f ®ftRJ5fc i oTt t£*l^fc #££ft 
ft. .I<02£\ffitf#X(i. SSlffl*»ff (24) SrilDT 
*l£S\f£*&?5 (50) (Om/fzm (55) 'vSfASftft. 

mmoiz. m&m® (50) rti. smffiswx 
*co*M%mMtix\,zn ix *iww)««-cft4$ft. 
s. 

[0064]-^, jR^1BfB3|Ef4c ( 10 ) <0«mffi ( 12) 
*»4>#fasSftft«Sfl«ap^t=li. «6El6K«fflSii 

ftmtfVS (25) SriitTflBSS (34) ^A$ftft. 

mm® (34) <i, *mz%timmmtrAZM8izv. 
n^titzmtm^m^ (3D (ct+4tft. o 
D fcft4Sftfc«aawi. «ysiR^T'*ft*is»aM 

RJCORitSRi: ixmmiih. 
[00653 -WftSMnra-tzlM- 
SffSX (30) oro-txSMiCoirVC, *HS£^«1 

otEfi^C* (JSflO $tt*S-Tftii^i:^it^-r 
ft. 7*D-bX^i:<i. iSltSS (30) t=tt^§ftftlS 
la^llSMStt*!®!!!** (10) Tfflffl$ftft*SR 

<v&mmx-mix®t>nm£ . swcuufctw 

T'ftft. 

[00663 i 1 T-MM«t LTffl 
V^Tv>ft^^<0±(«^^ ^ >T'S)ft^$r#ltL. 

te«a>. otcjsr «t 3 (c. ^ ^ y^)(sm»ft«i8 o 3kj 

/ool T'J> 0 . ^cXOfifBiyUi 2 4 2 kJ/mol T* S . 
ft, J2nF<0«6*fc:fcvvr. H 2 0(gas)*i*H^S:Si* 
H 2 0(liq)(iffl(«:t'ftft*S:SiSc-fft. 

2 O(gas) + 8 0 3kJ/mol - © 
+ 24 2kJ/n»l ••• 0 

x. mm\^t*mm.n%.&mbtx2>. rjs^ 

Sr^S^-ft^. m®im&iTMl<?>8.&#®X'*Z 
ft. *^K®R^S<iTie^Ri55C©T*^Sft.ft. 



H 2 + 3 6kJ/nol 



<3> 



U8) 002-2 16826 (P2002-2 1$!8 



CH, + H 2 0(gas) - CO+3H 2 -20 7kJ/nol - © 

[0069} estss (31 ) t«. ^KftRje^Ric* tfmmtfc&izm*e>tix . ( x - 1 )mt#*gs&3 

A 5 *3£fcttHR£WR£J*fc LTWffl3it*. ffiot. *RBfc:IHi^fi6*£. S0HS (31 ) (c*ilt$RJG 
ttSts (31) '\f£fc£iT.*:*:?viioltf)d*>. x nol li. TIdcORfE^©£Oj:o(c*$^&. 
CH, + x/20j + ( 1 -x)H 2 0(gas) 
- CO + (3-x)H 2 + (36x-207(l -x))kJ/ool - © 
[ 0 0 7 0 ] T\ (32) fit. is7 hRXtf REL. %.tZ*m<$Lf&.? & . RJ5»£*iirf 

CO+HjO - COj + Hj+4 lkJ/mol - © 



t 0 0 7 1 ] ±ieRJD^©. ©Offl^r ££L*>;b-l£l> 

3ff8 (31) RlX£l£2S (32) £fc(t6R£AU o 
<0E«#ca*S it* . tzti L . RJ&WC^cf «fc ? 

CH, + x/20 2 + (2-x)H 2 0(gas) 
- CO 2 + (4-x)H 2 + (36x-207(l -x)]kJ/mol 



tiiX'£%\,\ &ot. RJ£ft©<ORI&»(::Rj£;j£©<0 

R«aft**ii.4»ii:«aj*-r. mm (3D at^ass 



[00723 JtERJE^^$fr*RJ6A<«J*RlGtf> 
i§£\ EP*,36x-207(l-x) = 243x-207 
<04>«£Cli. ftffiHK (34) "C***«S«S*Tia» 
8 (3D tzEjmiM&T&£Btff>&. (ft 
< 34 ) T'j&M £ 4WrttfU«r <a vKSM>»i . _h 
ERIG5S©J:9. (24 3x-207)/242 molfc& 
*. «->"C. (10) lCl3^Tflffl"C* 6* 

. ±ieRfc3t©ORJCj»#jEA>ft iotS^ 

■ 24 3x-2 0 7<0^ii^ 
(4-x)-(243x-207)/242 mol 
• 24 3x-2 0 7^0«0«-& 

(4 — x) mol 

[00733 ±M&nmm>t> . a^re*** uo> -cfij 

IB3ft6**ofl£»3*»i. KWiUffi (30) Mft&Sfl 

h. 

■ 2 4 3x-2 0 7<0<7)*§£ 



kJ 



242(4-x)-(243x-207) 
• 24 3x-2 0 7S0tf)%£ 
242(4-x) kJ 

[00743 jjEwna^fflw x<off£-fefQa>£ i a 

•ft. 13 (cjjrf 8. 03«flMWiijeo 

2 /CT'J>9, 0 2 /C = x/2*)Wfli>MSftl,TV**. * 
LT. O 2 /C = 0. 43Oii^(C243x-207 = 0 

24 3x-2O7<OOiS«T'fiO 2 /C0)li££- 
i>7*a-tex2&¥J±9 4 . 8 fc'SMfcii: 
1*, 24 3x-20 7>0^rmO 2 /Cc0ffi#*# 

[007 53 <*£«l&-r4**> jfrf. 

[0076 3 *tf)iafc»aft(i. 4 4kJ/»lT*ft. ft-? 



H 2 0(liq) — H 2 0(gas)-4 4kJ/mol - © 

[00773 2*:. *a3KJNMte LTJi, EJESCfc RJEU. Rfcft®. ©. ©Ojfl* &&Lbfr*thZbl,z 

T. £**te*S»«S (31) Rt/£fi£2§ (32) KfcftS 

CH, + x/2 0 2 + (2-x)H 2 0(liq) 
- C0 2 + (4-x)H 2 

+ (36x-207(l-x)+4 l-44(2-x))kJ/mol ■•• ® 



[00783 JJERJG^T^Sft&KJ&WRJ!^©*) 

BP*>36x-207(l-x) + 4 1-44(2- 
x) = 28 6x-2 5 3<0<Dt§£C:li. 85&2s (34) 

x'*miim$ttx&M2s (3D (cRjejRfcfiaw** 

g*<£>i>. ®>m (34) T«tt<*tf$:»t*i«r 

3r*>&o*£<7)S<i. iJeRfciKOi 9 . (2 86x- 
2 5 3)/2 4 2 molfcfrl,. ftoT. (1 

o) izti^xmrn-zhtmrnt. ±I£rj£5*:©orjs 

»#IEa>ft7WcJ:oTfl£9. Tieo«to(c^$ixl». 



■ 286x-2 5 3<0<7)J§£ 
(4-x)-(286x-253)/24 2 mol 

• 286x-253S0O*§£ 
(4-x) mol 

[0079] ±.mcr>mm*e>. mimm*# <io) t« 

ffl?ftl>rt#0<B^Sli. ttffSS (30) 
S^^yiiiiolft^O^di: LT. TB^Xolzm^ix 

s. 

• 286x-253<0<0^ 
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242(4-x)-(286x-253) kJ 
• 286x-253£0<01§£ 
24 2(4-x) kJ 

[0080] JJEWWffitWo. x<7)ffi£-t'DA>t> 1 4 

tt. ®3lZ*?jlolZ%b. o4 9. 0 2 /C = 0. 4 
4Oli^(C286x-253 = 0i:^0. %<T>t%<r>y 
o-fc*S&*<i9 3. &%ttch. ttz. 286x-25 

3 <o nmm'iiOi/cnmtf'bzwit'TnizAtym 

tf&T? Z>-1i. 2 86x-2 5 3>0c9fg#T1iO 2 / 
[0081] liLhl5iHflL^J:5(c. (31) ^fttS 

zixz>i$.m'A<7)o l /cc?>m i o-o. 4 4«^c 

^. Kfi<rxK*li««:ttt&-r43**«5«Bl«*A f , 
&1t£E (30) 07-o-t^»*{i»<^4. 
[0082] -HtBgffi 1 

*4EN0K!lll£J:fci*. *3&ft«*&*s (50) £K'?*C 

(C iSASES (30) fc*1«frfc]K»^*ttteLT** 

(30) T*»«W»-&IKcffi!RSfl«x*il^»MK 
T>. (30) ^7"o-fe^JWs^|fti±**4i4: 

1 0 0 8 3 ] Wlc, #HSfe$!B 1 Tli. i&Jtft (31 ) a, 

[ 0 0 8 4 ] *£i&E?flg 1 Tte. »4m?fi*:» 
(10) 0^^^8 0*0-1 0 0-Ct LT^Sfcft. 

znftimfflo&%>mwzz*msmte& (50) 

(55) ^wktiztifiT&i. m^x.uft 
izm^m^<7)£%mm'xz*m*m& <5o> ^ 

f£&T#. *li£vi§5&l£ (51) JjyLtOTW^'f 
[0085] 

SUgffiKcfc^T. *gg$tfttt» (50) OflMteSaSL 

[ 0 0 8 6 ] 04 izifrti 3 (C *2tttiB!B 2tc<$!>* 
aSSW**^ (50) (i. j\—/jAo — 9 (56) 5r«li.TO 
4fc, -r<0*g^{ft&fs (50) Wi. 

(57) tmY-> (58) fcA^ftSfrO^. ifi^/ 
-> <57) li, SEftffittAe (24) ^a+CBHtfcfiT 



o*. (58) «. JWlftfc'g (23) 

[0087] ±1^^;$ AO-? (56) (i. R£ff^ 
flif£$ft.TO|>. C^c^AD-^ (56) cOSffitC 
a-? (56 Hi. t4>-tf*hft<lfttt'/->' (57) £ti»r 

titmmz. m<nmtmmv-> (58) £$i*jr-f 

l.gf?X'iSS$ix'Ci^. 4fe. v^Aa-? (56) 
X\^h. 

[0088] cR«V-y (57) T'ti. a-^/Ad-^ 

( 56 ) <o-a«)-*«s«fi»^ t « « u sssmwa 
*<nm&t>mmm<,zvmzi\h. ssw 

**>ffl«li8 0T>-l OO'CSST'AO. Sgfctt*S5a 
©sffV-y (57) T'ti, az^Ad-^ (56) com. 

mizm&tfmz ti& tmmz. osamax t <r> 
\m^mmz z->x^-*i±v-? (%) oaswu: 

[0089] ®MV-> (57) T*3iJllt«»Lfc/N=. 
fiAti-? (56) <0SB#(i, A-*AD-? (56) £ft 
WHCKffoTKStV-y (58) ^k»IW4. B»V 
-y (58) A-iAo — ? (56) O-SWtfjgm 

xr^kisit-f *. m^-y (58) ^9a4fi6«» 
n»y- y (58) -ctt. atflxr^jWiofi^fti. 

o-^ (56) frkf&Zm Otztfr. (56) 
[009 0] -e-Of*, a-^Aq-^ (56) «D-aWN4 

six©«y-> (57) ^fc^»L, ±ieco«i^^*iOjg 
fixizn ixm&comx-ttzztiz . 

[009 1] 

[»»0iafc<0}B«3] *%^(7)^|^3{i, jjggj 
it»lBlt*-V^T. (50) c7)fM££5SL 

fct«T*i. -CTIi. iJE*il»SSili:JWrS8S» 

[0092] ^mmm3m^m^m^ (») 
■cflWtS*iTv^."ii-e. flm«e*ffc <io) -wi. 

±ISom?fiRJ£{c<t 0 SmfiS ( 11 ) fB9-C*!S^ ( H 

iO> tf&a&htf. ^iiz*m.<7)-&itmm a 
2) «->r. ffiifls (i2) *»^»ajs*i6 

iiS. -tiT*. ±£*JKSvfttdS (50) SrlftJtSClfc 
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[0093] *&£tt*fc*5 ( 50 ) <WWX& 

k (55) «. «mffi#sre (25) v>&*izmc>tix^ 
h. m\wi>*& do) frhm&ztxtzmmmtj* 
it. mtmmm (25) zm->xmtix-m, (55) ^ 

*35v(*fc8 (50) T-li. SmffiW#X+<0 
*M5M>\ m&mm (51) £i£3§LTGm#XjIi8§ 

(54) (Qimmziznij-ztiz,. 

[0094] mnmrn^ (25) tcfctt^^^sv^i^s 

(50) (34) <?)ia(C«, (26) A< 

^SixT^. (26) 14. «*J!3S (34) 

■C^attKsWi: &&£ftSrffcfc-f ^a^t^-Cfc 

*. *m&m& (so) «#Mr*a» (55) ^mtM 
nmufzit. mumsssm (26) *»fe<os«t«t:« 
m (34) ^inoa^^i.. »&» <34) ummm' 

sasfis. zo&it. iM&mjmitfm-chi. 

[ 0 0 9 5 ] 3fc*J^T. £SS®8fS\ 
*§ (24) (4. *«*«BjMWMcBBPLTo4. 
*ft (10) 4>25*ffl»;!f*li. SMSftfttf (24) $ra 

[0096] 

tBBSSlfcfcwc, *3^<£&25 (50) *>ffcb9fc»# 
xft&f (41) £K»tfcktf>T*4. oiO. 
S54T' 14, mtfz&i&g (41) *<floS¥8 (40) 

[0097] fcgWBfflWTtt. *^tt&$5#tfc(t4> 
ilTV^^fctt. &St2§ (31) CEMftfttefF (23) # 

■wcswsfvrn*. ttz. smhihmf (24x4, 

(25) (C(i, ffiSttfflSjRff (26) #»a3*VO>4. «* 
^fflS^f (26X4, (34) -W)JW«c«Kk4 

«ttJBS3Mf (26) *»6<02£«tftt:«MS« (34) ^ 

[0098] l&tttfzmtlV (41) tt. *OtWI*«SE 
SMmfSff (24) fcftttSfi, ^^KiBAWKflAtt* 



(23) fcl»«S*iTH*. (10) *^«f* 

3*l*:2«fflff>!rx*>-aWi. (41) 
tTEffiflftt&'g (23) ^A$fl*>. 0. 2Sv& 

#3rf8fi!clc4:^Tj!jD^g (40) Sr^T'^l.. 
[ 0 0 9 9 ] ft. S^tEMtfXlctt. flffKfrtflc ( 1 

o) x'mm$ti%fr-,tz&M&mi>&*tix^z. 

wimzu%mziztt5-tiztti<x-zz>. 

i#tt* (21) ii**$fucv**. 

[0i ] mt»«it«R*«fi«ft^f-Ao«*tB* 
mx-hh. 

* mmzttVL±wmwx'hh . 

IH31 ««xr^t«iiatftiM-««*i:* (a*) 

[04 ] JOtJMi 2 £ft*ttHra>x?A0>IMfflMt 
0T*J>&. 

[05] j||t»JB3(cffi4fiffl«ffly^r^<0«BI}flWc 

[06] ium4icfl(&jtm«fi^^omNM 

0Tftl.. 

[*re<olftHjn 

(10) 

(li) 

(12) KftS 
(30) ttJfSSS 

(3D k«8 
(34) mm 

(40) JJDSWS 
(51) *^S3i)i 



[01] 



20 



21- 



40 
S 



7 si JfWfW 

23 



54 



50 



55 



24- 



31 32 



32 |^22 



33 



34 

25 



30 



10 



11 



7/-K 



24 



25 



12 



BEST AVAILABLE COPY 
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[02] 



[123] 



51 



52 



53 



100. w 



k 8S.0X 



80.0% 
75. « 
70.0* 



0 0.1 0.2 0.3 0.4 0.5 
Oz/C 



[04] 




[05] 



2ft 



20 



21- 



4 P 54 6 0 

7 



25 



31 



32 



22 



34 



33 



sum 



30 
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